In Carex, vegetative anatomy and fruit epidermal silica bodies have been used to delimit species and sections, although frequent conflicts with traditional classifications have led many authors to question whether they can be used to infer evolutionary relationships. This conclusion, however, has largely been drawn from poorly circumscribed groups that have not been phylogenetically analyzed. This study was undertaken to assess the taxonomic and phylogenetic utility of these characters within Carex section Phyllostachys, a small (eight species), monophyletic group whose taxonomy and phylogeny has been extensively studied. Leaf and culm anatomy clearly separate the close species pair of Carex backii Boott and Carex saximontana Mackenzie, and they provide unique characters that distinguish Carex latebracteata Waterfall and Carex juniperorum Catling, Reznicek, & Crins. Anatomical and silica body characters strongly support the recognition of three species within the Carex willdenowii Willdenow complex (Carex willdenowii s.s., Carex basiantha Steudel, Carex superata Naczi, Reznicek, & B.A. Ford). Although unique characters were lacking in Carex jamesii Schw., infraspecific variation in its silica bodies was consistent with the high levels of genetic and morphological variation previously detected. Silica body characters support groups that are congruent with previous phylogenetic hypotheses derived from both morphological and molecular data. In contrast, vegetative anatomy, in this and previous studies, supports contradictory groups suggesting that its use in future phylogenetic studies below the sectional level in Carex may be limited.
Introduction
The Cyperaceae has long been recognized as one of the most taxonomically challenging angiosperm families because of its great diversity (ca. 5000 species; Bruhl 1995), highly reduced flowers, and complex character evolution (Reznicek 1990; Starr et al. 1999) . Two seminal studies in the 1970s involving the first extensive survey of leaf, culm, and epidermal anatomy (Metcalfe 1971 ) and the first examination of fruit epidermal silica bodies (Schuyler 1971) held the promise that the systematics of the family could be reevaluated with a new set of conserved characters. In Carex L., the largest genus (ca. 2000 species), these characters were successfully used to circumscribe species (e.g., Toivonen and Timonen 1976; Wujek and Menapace 1986; Ford and Ball 1992) and even sections (e.g., Walter 1975; Menapace and Wujek 1987; Toivonen and Timonen 1976; Menapace et al. 1986; Crins and Ball 1988) . However, it soon became apparent that many groups circumscribed on the basis of anatomical and (or) silica body characters conflicted significantly with taxa delimited on the basis of morphology and other features (e.g., Shepherd 1976; Standley 1987 Standley , 1990 Waterway 1990; Ford et al. 1991; Ford and Ball 1992) . This led some authors to conclude that homoplasy in anatomical and silica body characters was high (Rettig 1986; Standley 1990; Waterway 1990 ) and, consequently, that they were unreliable indicators of evolutionary relationship (Rettig 1986; Waterway 1990; Ford and Ball 1992) . It is important to note, however, that these conclusions were drawn from groups that had not been phylogenetically analyzed. When anatomical and silica body characters were eventually used with morphology in the cladistic analysis of Carex section Griseae (18 species; Naczi 1992), they provided characters that were essential to the definition of several small clades. Consequently, the question is raised as to whether anatomical and silica body characters are inherently unreliable or whether previous negative conclusions regarding their phylogenetic utility in Carex can be explained by factors such as personal bias, poor circumscription, or limited sampling.
Small groups can make significant contributions to the systematics of large and complex taxa like Carex because factors such as poor sampling and circumscription can be minimized, whilst the accuracy of results can be reasonably assessed through the congruence of multiple data sets. It is for these reasons that Carex section Phyllostachys (J. Carey) L.H. Bailey, a small, monophyletic group of eight species, has been the focus of a series of evolutionary studies that have explored the influence of historical and biological factors on its genetic diversity (Ford et al. 1998a (Ford et al. , 1998b and that have widely examined the cladistic relationships of its species using morphology, nuclear ribosomal DNA internal transcribed spacer (ITS) sequences, and isozymes (Crins 1990; Starr 1997; Ford et al. 1998a; Starr et al. 1999) . While some relationships in the section remain unresolved (e.g., , enough is known about the phylogeny and taxonomy of the Phyllostachys that it can serve as a reasonable model for assessing homoplasy levels in anatomical and silica body characters within Carex.
Carex section Phyllostachys is a typical group in Carex in that the morphological characters used to distinguish its spe- Ford et al. 1998c) , its members can only be distinguished morphologically by a set of height and length differences in mature reproductive structures . Similarly, Ford et al. (1998b) and Starr (1997) have shown that Carex backii Boott and Carex saximontana Mackenzie are genetically distinct, despite being separable only by subtle distinctions in the length of the anthers and perigynium beak (Catling et al. 1993) . These seemingly minor differences have convinced several authors that C. saximontana should be treated as a variety of C. backii (e.g., Hudson 1977; Scoggan 1978; Boivin 1992) or that the two taxa should be merged (e.g., Moss 1983; Gleason and Cronquist 1991; Hurd et al. 1998; Wilson et al. 1999 ). In the above two cases, the integration of anatomical and silica body characters with the preexisting morphological and genetic data will be instructive both as to the utility of these characters for circumscribing critical groups and as evidence for or against the recognition of these taxa. The remaining species in the section (Carex juniperorum Catling, Reznicek, & Crins; Carex latebracteata Waterfall; Carex jamesii Schw.) are easily distinguished by several characters, though recent evidence suggests that a new taxon, closely aligned to C. juniperorum and C. jamesii, is worthy of recognition .
This paper presents a comparative study of leaf, culm, and epidermal anatomy and the micromorphology of achene epidermal silica bodies in all eight species presently recognized in Carex section Phyllostachys. The anatomy and micromorphology of a possible ninth taxon (see above) is currently being studied and will not form a part of this analysis . The purpose of this study was, first, to evaluate the taxonomic and phylogenetic potential of anatomical and silica body characters within section Phyllostachys and Carex in general, and secondly, to determine whether anatomy and silica bodies could help resolve the remaining conflicts between data sets concerning the phylogeny of section Phyllostachys.
Materials and methods

Anatomical studies
Anatomical studies were based upon leaf and culm samples taken from herbarium and live specimens representative of all species in Carex section Phyllostachys. For live specimens, a fully developed leaf was removed, along with culms, and placed in formalin -aceto-alcohol (FAA). Dry material was boiled in water for 5 min then placed in FAA (Radford et al. 1974) . Segments 4-5 cm long were cut from the median portion of preserved leaves for both epidermal and cross-sectional studies. Culm segments 2-4 cm long were removed immediately below the point where the culm begins to dilate. This procedure was necessary because of the particularly short culms of C. juniperorum and C. superata.
Leaves and culms were hand sectioned with a razor blade. Sections were dehydrated in an ethanol series and stained while heated for 3.5 min with 2% toluidine blue O in 100% ethanol. Sections were made permanent by passing them through a 100% ethanolHistoclear® dehydration series and by mounting them in Permount®. To increase sample size, and to determine the consis-tency of character states, cross sections of live material were also made and mounted in water.
Leaf epidermal surfaces were prepared by placing FAApreserved material into a glass Petri dish containing household bleach and scraping the undesired tissue away with a razor blade. The epidermal surfaces were then passed through three 15-min water baths and stained for 3 min with 2% safranin. The epidermal surfaces were then dehydrated, cleared, and mounted as above. Epidermal photographs were taken with a microscope-mounted camera, whilst drawings of leaf cross sections were made by camera lucida. The terminology used to describe the anatomy of the leaf, culm, and epidermis follows Metcalfe (1971) . Specimens used in anatomical studies are listed in Appendices 1-3.
Micromorphological studies
The lowermost, mature perigynium was removed from each of two terminal spikes from three to six specimens representative of the geographic range of each species (Appendix 4). The perigynium surrounding the achene was dissected away and the achenes were acetolyzed in a 1:9 sulfuric acid -acetic anhydride solution (Tallent and Wujek 1983) . Achenes were vigorously shaken for 5 min, then left for 24-48 h in solution. At the end of this period, achenes were shaken for 5 min, removed, and then washed in distilled water by shaking for a further 5 min. Those achenes whose cell walls were still persistent after undergoing the above procedure were sonicated in distilled water at maximum probe intensity for 1.5 min with a Biosonic® sonicator (Bronwill Scientific, Rochester, N.Y.). Achenes were then dried overnight at 50°C, mounted onto aluminum stubs with conductive carbon paint (SPI® Supplies), and coated with 100-200 nm of a gold-palladium alloy in an Edwards Sputter Coater S150B. Micrographs were taken along the median portion of achenes using a Stereoscan 120 scanning electron microscope (Cambridge Instruments; 20 kV accelerating voltage) that was connected to a Kontron Elektronik IBAS image analyzer. Silica bodies were described according to the terminology of Schuyler (1971) .
Results
Summary descriptions and scoring for all variable characters discovered in this study are provided in Tables 1 and 2 .
Anatomy
Leaves
Leaf anatomy in Carex section Phyllostachys was relatively uniform and corresponded to a common pattern in the genus. Leaves were dorsiventrally arranged, keeled on the abaxial surface, and either V shaped or lightly revolute in cross section. All leaves possessed a single, abaxial row of vascular bundles with each bundle separated by welldeveloped air cavities (square or rectangular in outline) and connected to the epidermis by sclerenchymatous girders. The median vascular bundle, which was typically the largest, rested against a single, adaxial layer of bulliform cells, and like other bundles, it was surrounded by an inner sclerenchymatous and an outer parenchymatous sheath. Epidermal cells were consistently larger on the adaxial versus the abaxial surface, and cells were frequently adorned by papillae and (or) prickle hairs (see below).
Based on foliar anatomy, two broad groups were recognized in section Phyllostachys. The first group, composed of C. latebracteata and C. saximontana, was distinguished by a lightly revolute or curved lamina, whose thickest point was equal to or less than the thickness of the keel (Figs. 1a and 1b). The keel was prominent and acute with a large, highly sclerified, horizontal to lightly descending abaxial girder that connected the median vascular bundle to the epidermis. In addition, the bulliform cells were no larger than the largest cells of the epidermis. Leaf margins were completely sclerified and were either scabrous, crenulate or smooth. While this pattern was fairly consistent in both taxa we did note some variability in C. saximontana with some specimens having leaf margins that were both papillose and incompletely sclerified (e.g., Naczi 3372 & Thieret, WIN). The second group was distinguished by V-shaped leaves where the thickest point of the lamina was thicker than the thickness at the keel (Figs. 1c, 1d , and 2a-2d). The keel was rounded or flat, and the leaves were often lightly bowed or occasionally curled on one half of the lamina. In addition, the bulliform cells were often larger than the largest cells of the epidermis. A small sclerenchyma strand on the adaxial surface of the margin was also characteristic of these species, although C. juniperorum often possessed completely sclerified margins similar to C. latebracteata and C. saximontana. Two further characters, the presence of minor vascular bundles overtop of air cavities and the interruption of adaxial girders by parenchymatous cells, were frequent in this group but rare in C. latebracteata and C. saximontana. Both of these characters appeared to be related to the thickness of the leaf.
Culms
Culms of all species contained 4-10 major and 1-8 minor vascular bundles (Fig. 3 ). These were arranged alternately by size and in a circular or triangular fashion within a thin, chlorenchymatous zone adjacent to the epidermis. With the exception of C. latebracteata, in which minor bundles were completely contained within chlorenchyma (Fig. 3a) , the xylem pole of both major and minor bundles rested against a spongy translucent ground tissue at the centre. Alternating between vascular bundles were air chambers of various sizes and shapes. In C. superata, these chambers were confined to the chlorenchyma of the culm angles because of the highly sclerified nature of its culm (Fig. 3b) . As in leaves (see below), epidermal cells overlying the sclerenchyma of girders and wings frequently possessed conical silica bodies.
All culms were triangular in shape except in certain individuals of C. juniperorum. In this species the culm was commonly asymmetrical and possessed from three to five angles or wings (Figs. 3c and 3d) . Along with C. basiantha, C. juniperorum was also unusual in that the sclerification of the wings was typically weak or absent (cf. Figs. 3c, 3d, and 3e with the remainder of the section).
The culms of C. saximontana (Fig. 3f) , C. backii (Fig. 3g) , and C. juniperorum (Figs. 3c and 3d) were distinguished by epidermal papillae. The papillae of C. juniperorum, however, were sparsely distributed and poorly developed by comparison with those on the culms of C. saximontana and C. backii. In C. backii, these papillae were confined to the apices of the wings, whereas in C. saximontana they were ubiquitous and often formed epistomatal cavities similar to those on its leaves (Fig. 3f) .
Leaf epidermal surfaces
Epidermal surfaces were distinguished by distinct bulliform cells on the adaxial surface of the keel and by the presence of large rectangular cells in intercostal regions (Figs. 4a and 4b ). The anticlinal cell walls of all species were highly sinuous, with the apex of the bends being thickened and often nodular in appearance (Fig. 4a) . This was particularly pronounced in those cells immediately adjacent to stomata.
Conical silica bodies were often present in the small, square-like cells overlying the sclerenchyma of the girders, margins, and keel. Over girders, these cells were arranged in one to three longitudinal rows with each cell containing a single file of one to three (occasionally four, normally two) silica bodies (Fig. 4a) . The only exception to this characteristic was in C. willdenowii, where as many as six silica bodies were arranged in two rows per cell on the abaxial surface. The silica bodies of this species were also unusual in that they possessed satellites, a feature that was also present in the silica bodies of its achenes (see below). At the leaf margin, these cells were usually found in three discontinuous rows (five in C. latebracteata) and often contained fewer silica bodies (one or two) than the cells overlying girders. In general, the number of cells occupied by silica bodies was directly correlated with the degree of sclerification.
The stomata in the section were found in numerous longitudinal rows in the intercostal region of abaxial surfaces (hypostomaty; Fig. 4a ). The stomata in these rows may be separated by one to several intercostal cells; they were typically paracytic, and with the exception of two species (C. jamesii and C. latebracteata; orbicular to suborbicular), they were elliptical in outline. In all species examined, the intercostal cells adjacent to the stomata appeared to have grown slightly overtop of subsidiary cells. In some highly papillate individuals of C. saximontana (see above), an epistomatal cavity was formed by the arching of papillae (Fig. 4a) .
The most distinct differences among taxa were observed in the presence or absence of papillae and prickle hairs on the surfaces and at the margins of the leaves. All prickle hairs (Fig. 4b) on the leaf pointed in an antrorse direction and were generally more consistent in their appearance than were papillae. At the margin, well-developed prickle hairs were seen in varying density in all species, except C. latebracteata. The leaf margin of this species was characterized by a tightly crenulate border of low papillae. Three species (C. jamesii, C. basiantha, and C. superata) displayed prickle hairs at the margin but no papillae. All specimens of C. saximontana had marginal prickle hairs and papillae except one (Naczi 3372 & Thieret, WIN) , which was highly papillose and lacked prickle hairs.
On the surfaces of the leaf, papillae and prickle hairs were best developed on and close to the bulliform cells at the keel and around the small, square-like epidermal cells overlying girders (Fig. 4b) . Three taxa (C. saximontana, C. latebracteata, C. willdenowii) often displayed papillae on the adaxial surfaces of their leaves. Papillae were also seen adaxially in C. juniperorum and C. superata, but their presence was rare. On the abaxial surface, papillae were seen in most samples of C. willdenowii, C. saximontana, and C. juniperorum. Three species (C. willdenowii, C. juniperorum, and C. basiantha) possessed prickle hairs on their adaxial surfaces. Carex basiantha possessed prickle hairs but no papillae, whereas C. backii and C. jamesii were the only two species in the section to show neither papillae nor prickle hairs on their surfaces.
Silica bodies (micromorphology)
Silica bodies in section Phyllostachys were very similar in morphology and not unlike those seen in other Carex sections or cyperaceous genera. All members possessed a single, acute, conical central body that arose from the middle of either a convex or concave silica platform. The central body was always smooth and typically mucronate. All species possessed epidermal cell walls that were linear, typically six-sided, and isodiametric, although irregular cells and cells with five or seven sides were not uncommon. No significant micromorphological variations were observed within individuals.
The most notable differences among species were seen in the shape and relief of the silica platform. Based on these characters the section can be divided into two principal groups distinguished by platform margins that are either concave (C. backii and C. saximontana; Figs. 5a and 5b) or convex (C. basiantha, C. juniperorum, C. jamesii, C. latebracteata, C. superata, and C. willdenowii; .
The concave group is only represented by the morphologically proximate species pair of C. backii and C. saximontana. Both these species exhibited concave silica platforms whose margins were appressed to the platforms of adjacent cells (Figs. 5a and 5b ). Character differences between these two species were minimal and were confined to differences of degree, not character states. Some infraspecific variation was noted in C. saximontana. quality was in contrast to C. backii, where specimens examined from its eastern limits in New Brunswick (Dore 45.198 & Gorham, DAO) showed no significant differences in structure or size compared with specimens sampled from its western limits in British Columbia (Calder 17022 et al., DAO; Fig. 5a ).
Among the species with convex margins, central platform characters distinguished two species pairs (C. juniperorum and C. jamesii, C. basiantha and C. superata) and the informal group known as the C. willdenowii complex (C. basiantha, C. superata, and C. willdenowii s.s.; ).
The species pair of C. juniperorum and C. jamesii was characterized by tall, acute to abruptly acuminate central bodies surrounded by a trough created by a thickened ridge at the margin (Figs. 5c and 5d ). Their platforms were tightly appressed, and the silica bodies were often arched (most pronounced in C. jamesii). As with C. backii and C. saximontana, the micromorphology of one species (C. juniperorum) was very consistent over its entire range, whereas the other (C. jamesii) was variable. Variation in C. jamesii was significant in the degree of ridge and trough development. This character varied from a distinct nodular embankment with a deep trough (Fig. 5d) to a low, poorly developed lip (Figs. 5e and 5f) with a shallow trough.
The species pair of C. basiantha and C. superata was recognized by distinctly raised silica platforms, small conical central bodies, and ornamented silica platforms. This ornamentation was particularly evident in C. basiantha where the platform, except for the central body, was ruminate in texture (Figs. 6a and 6b) . In contrast, only small, weakly rugulose to bulbate peripheral areas were present on the platform of C. superata (Figs. 6c and 6d ). The overall shape of the platform also differed. In C. basiantha a plateau was present, whereas in C. superata the platform continually rose until it reached the base of the central body (cf. Figs. 6a  and 6c ). Some infraspecific variation was detected in both (Naczi 3938, WIN; Fig. 6b ) lacked the distinctly convex central platforms characteristic of the C. willdenowii complex as a whole (see below). The rugulose portion of the central plateau in C. basiantha also showed some variation in the area it covered. Nonetheless, the main characters of these two species were consistent enough that the silica bodies of any one specimen could be easily identified and distinguished from the silica bodies of any other species in the section.
Carex willdenowii had the most striking silica bodies in the section because of the presence of conical satellites (5-10; Fig. 6e ). These satellites were similar in morphology to the central body and angled away from the main axis of the cell. Like C. basiantha and C. superata, the central platform of C. willdenowii was distinctly convex (Fig. 6e) . In contrast, Carex latebracteata was unique in its possession of silica bodies with large, lightly sloping central bodies located on convex platforms whose margins were not appressed to the platforms of adjacent cells (Fig. 6f) . Its cells were more regular in size and shape than other species, and unlike the remainder of the section, its long, outer periclinal cell walls were persistent despite repeated acetelyzing and sonication treatments. This trait appeared to be unrelated to the age of the achene and was unique in the section. The silica bodies of C. latebracteata could not be easily aligned with other species with convex margins.
Discussion
Taxonomic trends
Anatomical and micromorphological data support the recognition of eight species in Carex section Phyllostachys.
In particular, the data strongly support the separation of the critical species pair of C. backii and C. saximontana and the recognition of three species within the C. willdenowii complex.
Leaf and culm anatomy clearly separate C. saximontana from C. backii. The tendency for the leaf margins to be completely sclerified, glaucous induments (Starr 1997) , thin, revolute leaves, and the distribution of papillae on both surfaces of the leaf and along the entire surface of the culm are consistent features that C. saximontana does not share with C. backii. In fact, anatomically, C. saximontana is far closer to C. latebracteata than it is to C. backii.
Anatomical and silica body characters strongly support previous morphological ) and isozyme studies (Ford et al. 1998c ) that have recognized three species within C. willdenowii s.l. (i.e., C. willdenowii s.s., C. basiantha, and C. superata). Moreover, this species complex is a clear example of how useful epidermal (e.g., Le Cohu 1970) and silica body characters ) can be for circumscribing species within critical groups. The three taxa recognized by differ markedly in the distribution of papillae and prickle hairs on their leaves and in the micromorphology of their silica bodies. Carex willdenowii s.s. tends to have papillae on both surfaces of its leaf and prickle hairs adaxially, whereas C. superata lacks prickle hairs and only rarely has adaxial papillae. Carex basiantha lacks papillae but possesses adaxial prickle hairs. Silica body variation is even more striking among these species. Whereas the silica platform in C. basiantha is ruminate, it is smooth in C. superata, and neither taxon possesses the distinctive satellite bodies of C. willdenowii s.s. Culm anatomy provides yet another distinguishing character. Whereas the culm sclerification of C. willdenowii s.s. is typical of the majority of the species in the section, the culms of C. basiantha are weakly sclerified, and those of C. superata are highly sclerified. This may explain why C. willdenowii s.s. has an intermediate habit to the long, widely spreading culms of C. basiantha and the short, stiff culms of C. superata (see Naczi et al. 1998, Fig. 6 ).
The remaining three species in the section (C. juniperorum, C. jamesii, and C. latebracteata) also possess interesting anatomical features that are worth noting. For example, the short, often asymmetric, three-to five-winged culm of C. juniperorum is highly unusual and possibly unique in Carex. The peculiar shape and wing number of these culms could be a phenotypic response to their tight investment in the leaf sheaths of the pseudoculm; however, these characters are not found in the culms of C. superata, which is similarly short stemmed, suggesting that they might be genetically controlled. Carex latebracteata is unique in possessing a culm with minor vascular bundles completely within chlorenchyma and in possessing a tightly crenulate leaf margin composed of low papillae. In contrast to the above-named species, C. jamesii did not possess any distinguishing anatomical features. It was, however, the only species to show significant variation in its silica bodies, which is consistent with the high levels of genetic and morphological variability observed within the species as a whole (Ford et al. 1998b ). (a) The single most parsimonious tree obtained using morphology and ITS sequences. The tree is 182 steps long with a consistency index (CI) of 0.86 and a retention index (RI) of 0.73 (Starr 1997) . Numbers above branches are bootstrap values, while numbers below branches are decay values. Sections Firmiculmes and Filifoliae were used as outgroups as suggested by the analyses of Starr (1997) and Starr et al. (1999) . (b) The 50% majority rule tree of five most parsimonious trees based on isozyme data. Trees are 56 steps long with a CI of 0.86 and an RI of 0.49 (Ford et al. 1998a) . Numbers above branches are bootstrap values, while numbers below branches are decay values. Branches that collapse in the strict consensus tree are broken. Individual alleles were coded as present or absent. The wide-scaled clade was used as the outgroup.
Phylogenetic implications
A phylogenetic analysis of Carex section Phyllostachys based on morphology and ITS sequences suggested that the section could be divided into two principal clades: (i) a "wide-scaled" clade comprised of C. latebracteata and its sister taxa C. backii and C. saximontana and (ii) a "narrowscaled" clade composed of two major groups, C. jamesii and C. juniperorum and the C. willdenowii complex (details in Starr 1997; Fig. 7a) . A cladistic analysis of isozyme data in the section produced trees that were largely in agreement with the above analysis; however, support for the hypotheses was poor, and the trees suggested that the C. willdenowii complex was unnatural (cf. Figs. 7a and 7b ; Ford et al. 1998a) . Mindful that our assessment is phenetic, the present silica body data would appear to support the C. willdenowii complex as natural and to define all three species pairs previously identified in both the morphology -ITS sequence analysis and the isozyme analysis. Only in the wider grouping of C. latebracteata with members of the narrow-scaled clade do we see a conflict with the above phylogenetic analyses. In contrast, relationships inferred from anatomical leaf, culm, and epidermal characters appear to conflict significantly with silica body data and with previous cladistic analyses. The wider relevance of these results is discussed below.
Although the congruence between our micromorphological data and previous phylogenetic studies suggests that silica bodies are good indicators of evolutionary relationship in the Phyllostachys, their general use for inferring relationships in Carex is controversial. While many studies have shown that these characters can be used to circumscribe sections (e.g., Walter 1975; Toivonen and Timonen 1976; Menapace et al. 1986; Menapace and Wujek 1987) and species , others have found no distinguishing sectional characters (Waterway 1990; Naczi 1992 ; this study), a lack of differences among seemingly distant species (Waterway 1990; Dan and Hoshino 1994) , and marked intraspecific variation (Rettig 1990; Salo et al. 1994) . Several studies have now noted similarities in silica bodies between distantly related sections in Carex and even between Carex and other cyperaceous genera (Rettig 1986; Waterway 1990; Salo et al. 1994) . In the present study, for example, silica bodies similar to C. backii's (Fig. 5a ) are seen in several disparate Carex sections (cf. Le Cohu 1973; Walter 1975; Hoshino 1984; Waterway 1990) , whereas those of C. latebracteata (Fig. 6f) and C. jamesii (Fig. 5d ) appear similar to the silica bodies seen in certain species of Scirpus and Eriophorum (cf. Tucker and Miller 1990) . Observations such as these have prompted some authors to suggest that silica body characters are too homoplastic to be reliable indicators of evolutionary relationship (Rettig 1986; Waterway 1990) . While this may often be the case, this study and others involving closely related taxa have found some correspondence between morphological and silica body variation. For example, the marked intraspecific variation and wide overlap in characters observed in the silica bodies of the Carex flava complex (section Ceratocystis Dumort) are also seen in its morphology and anatomy (Salo et al. 1994) . Species grouped on the basis of their silica bodies often correspond to natural groupings on the basis of morphology (e.g., Walter 1975; Menapace et al. 1986; Starr 1997 ) and other types of data such as flavonoids (Toivonen and Timonen 1976) , DNA sequences (Starr et al. 1999) , and isozymes (Waterway 1990; Ford et al. 1998a) . Furthermore, Naczi's (1992) cladistic analysis of section Griseae (18 species) demonstrates that silica body characters can provide synapomorphic support for some small clades (a maximum of four species). Considered in full, the above studies suggest that silica body characters are good indicators of relationship but only within clearly defined groups of closely related species.
Unfortunately, the use of silica bodies in cladistic analyses is still complicated by a poor understanding of the effects of the environment (e.g., soil Si availability) and development (e.g., maturity of achenes, genetic basis of characters) on structure, by the difficulties of defining discrete character states, and by the small number of potential characters. Autapomorphies, such as the satellite bodies of C. willdenowii, are relatively common; however, potentially informative characters with discrete states, of which only the shape of the silica platform (concave vs. convex) appears to qualify in this study, are not. Considering these caveats, silica bodies are probably best used for circumscribing species in critical groups (e.g., C. willdenowii complex, see above) and as external data sets (e.g., Crins and Ball 1988) , which can be used as an independent evaluation of relationships inferred from more conserved and abundant character sources such as morphology (e.g., Crins and Ball 1988; Crins 1990; Naczi 1992) or DNA sequences (Starr 1997; Starr et al. 1999) .
Although micromorphological characters suggest groups that are congruent with those expected from the cladistic analysis of morphology, ITS sequences, and isozymes, groupings based on anatomical data sets (i.e., leaf, culm, and leaf epidermal characters) are in conflict with those derived from other data sets. This would seem to indicate that stasis or homoplasy is high in anatomical characters which is consistent with the results of other studies (e.g., Akiyama 1942; Standley 1987 Standley , 1990 Ford and Ball 1992) . Anatomical differences among species of Phyllostachys are few and are mostly confined to the presence or absence of prickle hairs and papillae. If we consider papillae and prickle hairs to be derived characters (Standley 1990 ), a wide number of disparate groupings are obtained. The frequent presence of papillae on the adaxial surface of the leaves of C. saximontana, C. latebracteata, and C. willdenowii and rarely on C. juniperorum and C. superata might suggest that these five taxa should form a group. However, only C. saximontana, C. juniperorum, and C. willdenowii have papillae on both leaf surfaces, and although a relationship between C. willdenowii and C. juniperorum might appear to be further supported by the presence of adaxial prickle hairs, they share this trait with C. basiantha, a species that entirely lacks papillae. Yet another group is suggested by the presence of papillae on the culms of C. saximontana, C. backii, and C. juniperorum. Furthermore, qualitative leaf characters such as the wide, glaucous (Starr 1997) , revolute leaf with completely sclerified margins of C. latebracteata and C. saximontana would suggest that these two species are most closely related; however, morphological characters (Mackenzie 1906; Starr 1997) , ITS sequence data (Starr 1997; Starr et al. 1999) , and isozyme analyses (Ford et al. 1998a (Ford et al. , 1998b Ford and Ball 1992) , characters are often few, difficult to define (see papillae examples above), and appear to exhibit high levels of homoplasy (Standley 1990 ). These problems make anatomical characters difficult to use in phylogenetic studies and brings into question their ability to accurately reflect phylogenetic relationships. Shepherd (1976) and Standley (1990) have both found that, although some relationship between anatomical characters and present morphological classifications appears to exist, when anatomical characters are used alone, they produce groups that are clearly unnatural. Some of these incongruities between morphological and anatomical trends could be explained by circumscriptional problems; however, if this were the only reason, we would not have expected to see the same types of inconsistencies in a small, clearly marked section like the Phyllostachys as we do in larger groups (cf. Standley 1987 Standley , 1990 . Our data suggest that anatomical leaf, culm, and epidermal characters are effective indicators of species limits, but owing to a lack of easily defined qualitative characters and high levels of homoplasy or stasis, their role in future phylogenetic studies below the sectional level in Carex may be limited. Future studies may find that the anatomy of reproductive structures is more phylogenetically informative (see Naczi 1992) .
Conclusions
Anatomical and fruit silica body characters support the recognition of eight species within Carex section Phyllostachys. Leaf and culm anatomy clearly separate the close species pair of C. backii and C. saximontana, and they provide unique characters that distinguish C. latebracteata and C. juniperorum. Anatomical and silica body characters strongly support the recognition of three species within the C. willdenowii complex (see Ford et al. 1998c) . Although unique characters were lacking in C. jamesii, infraspecific variation in its silica bodies was consistent with the high levels of genetic and morphological variation previously detected (Ford et al. 1998b ).
All of the species pairs suggested by silica body characters, and the alignment of C. willdenowii with C. basiantha and C. superata, are consistent with previous phylogenetic analyses based on morphological, DNA sequence, and isozyme data. The difficulties associated with small character numbers, a lack of discrete character states, and the unknown effects of the environment and development on structure suggest, however, that silica body characters are best used for circumscribing critical groups and as external data sets for assessing phylogenetic hypotheses derived from more conserved characters such as morphology or DNA sequence data.
Relationships inferred from vegetative anatomy conflict significantly with previous cladistic analyses and with silica body data, suggesting that the contribution of vegetative anatomy to future phylogenetic reconstructions below the sectional level in Carex may be limited.
Despite the general findings of this study, the disparate opinions regarding the usefulness of anatomical and silica body characters suggests that their utility is probably taxon dependant. Given the vastness, complexity, and poor understanding of phylogeny and character evolution in Carex, no phylogenetic or taxonomic study can afford to dismiss these or any other characters a priori.
